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IHGHUDWHGZRUN DQG VKDULQJ UHVRXUFHV $PDMRU FKDOOHQJH RI systems engineering LV WKH EXLOGLQJ RI GHSHQGDEOH
V\VWHPV UHJDUGOHVV WKHRSHUDWLRQDO HQYLURQPHQWRU DQ\XQH[SHFWHGHYHQWVQRWSUHGLFWHGDWGHVLJQ WLPH&RPSOH[
V\VWHPV FDQEH UHJDUGHG DVOpen Systems XQGHU WKH FRQFHSWLRQ DGYDQFHGE\YRQ%HUWDODQII\ LH ³V\VWHPV WKDW
PDLQWDLQ WKHPVHOYHV LQ H[FKDQJHRIPDWHULDOVZLWK WKH HQYLURQPHQW DQG LQ FRQWLQXRXVEXLOGLQJXS DQGEUHDNLQJ
GRZQRIWKHLUFRPSRQHQWV´7KLVSURGXFHVWKHHPHUJHQFHRIinner domainsLHPXOWLSOHVWDWHVDQGVHUYLFHSDWWHUQV
WKDWEHFRPHDFRPSOH[ VHWRI UHOHYDQW FLUFXPVWDQFHV WKDW DOVR LQIOXHQFH WKH V\VWHP7KLV FRQFHSWRIdomain LV D
FHQWUDODVSHFWRIWKHYLVLRQSURSRVHGLQWKLVSDSHU)XUWKHUPRUHWKHH[WHUQDOHQYLURQPHQWLQZKLFKV\VWHPVSHUIRUP
WKHLUPLVVLRQV LV DOVR KDUVK DQG IXOO RI XQH[SHFWHG HYHQWV *OREDO XQFHUWDLQW\ LQ XQVWUXFWXUHG HQYLURQPHQWV DQG
XQSUHGLFWDEOH LQWHUQDO DQG H[WHUQDO HYHQWV FDQQRW EH IXOO\ FRQVLGHUHG LQ WKH GHVLJQ SKDVHV $W GHVLJQ WLPH WKH
LQIRUPDWLRQ DERXW WKH RSHUDWLRQ RI WKH V\VWHP LV SDUWLDO DQG WKH PRGHO IRU FRQWUROOLQJ EHKDYLRU DQG DFFHSWDEOH
FKDQJHV LV LQFRPSOHWH +RZHYHU WKHZD\ LQZKLFK FRPSOH[ V\VWHPV GHDOZLWK WKHVH XQSODQQHG HYHQWV VWURQJO\
LQIOXHQFHVLWVILQDOUHVLOLHQFHDQGUREXVWQHVV7KLVVFHQDULRUHYHDOVWKHQHHGIRUGHVLJQLQJQRYHOPHWKRGVWRPHHWWKH
UHTXLUHPHQWVRIFRPSOH[V\VWHPVDQGDXWRQRPRXVVHOIRUJDQL]DWLRQLVDNH\VWUDWHJ\IRUWKLVHQG
$VKE\H[SORUHGVHYHUDOPrinciples of the Self-Organizing SystemZKHUH³V\VWHPVLQJHQHUDOJRWRHTXLOLEULXP´
E\WKHSpontaneous Generation of ReorganizationDPRQJWKHLUPXOWLSOHSDUWV(YHU\WUDQVLWLRQIURPDQ\VWDWHWRRQH
HTXLOLEULXP VWDWH UHTXLUHV WKH VHOHFWLRQ RI SURSHU VWDWHV WKDW GHWHUPLQH WKH GHFLVLYH VWDELOLW\ 7KH FKDOOHQJH RI
EXLOGLQJGHSHQGDEOHFRPSOH[V\VWHPVVKRXOGEHDGGUHVVHGE\GHVLJQLQJV\VWHPVZLWKWKHFDSDELOLW\WRVHOHFWWKRVH
SURSHU VWDWHV DQG WKLV GLUHFWO\ LPSOLHV WKH GHVLJQ RI V\VWHPV ZLWK GHHS SODVWLFLW\ DQG VHOIDZDUHQHVV 7KH
H[SORUDWLRQ RI VHOIDGDSWLYH FDSDELOLWLHV EHFRPHV D NH\ PDWWHU DQG WKH engineering of adaptiveness DV WKH
GHYHORSPHQWRIV\VWHPDWLFPHWKRGVWRHQGRZV\VWHPVZLWKDGDSWLYLW\EHFRPHVDFULWLFDOQHHGLQFRPSOH[V\VWHPV
HQJLQHHULQJ
1.1. Models, adaptation and cognition background 
+RZ WR HQFRPSDVV WKH LQIOXHQFH RI Fhange ZKHUHYHU LW FRPHV IURP LV RQH RI WKH PDLQ LVVXHV RI VRIWZDUH
HQJLQHHULQJIRUVHOIDGDSWLYHV\VWHPVAutonomic Computing$&LVRQHRIWKHQHZSDUDGLJPVDGGUHVVLQJWKRVH
H[LJHQWQHHGVIURPWKHYLHZSRLQWRIVHOIDGDSWLQJVRIWZDUH,WGHDOVZLWKWKHVHOIPDQDJHPHQWDELOLW\RIGLVWULEXWHG
UHVRXUFHV WR DWWDLQ V\VWHPOHYHO JRDOV Self-adaptive software DLPV WR DGMXVW GLIIHUHQW DUWLIDFWV RU DWWULEXWHV LQ
UHVSRQVHWRFKDQJHVLQWKHselfDQGLQWKHcontextRIDVRIWZDUHV\VWHP7KHGRPDLQRISelf-XsystemsDGGUHVVHVWKH
DUFKLWHFWXUDODVSHFWVRIV\VWHPVWKDWDUHDXWRQRPRXVLQWKHPDQDJHPHQWRIFHUWDLQDUFKLWHFWXUDOWUDLWV7KHDUHDRI
Model-Integrated Computing 0,& VWXGLHVKRZ WRH[WHQG WKH VFRSHDQGXVHRIPRGHOV WRPDLQWDLQDFRUUHODWHG
VHTXHQFHRIFKDQJHVEHWZHHQWKHPRGHOLWVHOIDQGWKHFRPSOH[V\VWHPLQZKLFKLWLVHPEHGGHG$PDLQIHDWXUHRI
0,& LV WKDW LW WULHV WRPDWFKPRGHOLQJSDUDGLJPV WR WKHQHHGVRI WKH V\VWHPVHQJLQHHULQJGRPDLQModel Driven 
Software Development0'6'IRFXVHVRQXVLQJVRIWZDUHPRGHOVIRULQFUHDVLQJWKHTXDOLW\DQGLPSURYLQJWKH




7KH DSSURDFK VXJJHVWHG LQ WKLV SDSHU DGGUHVVHV WKH LVVXH IURP WKH DQDO\VLV RI WKH FRJQLWLYH DUFKLWHFWXUH RI
ELRORJLFDO HPRWLRQ7KHUHDUHSOHQW\RI H[DPSOHVRI FRJQLWLYHDUFKLWHFWXUHV WKDW DGGUHVVSDUWLDO DVSHFWVRIKXPDQ
FRJQLWLRQ  )URP D PRUH V\VWHPV FHQWULF YLHZ H[DPSOHV JR IURP VWXGLHV DERXW end-means patterns DV
KLHUDUFKLFDO RUJDQL]DWLRQV IRU VWUXFWXULQJ JRDOV DQG PHDQV WR D ODUJH QXPEHU RI DSSOLFDEOH DQDO\VHV DERXW
FRPSOH[LW\LQHQJLQHHULQJV\VWHPVRUJDQL]HGV\VWHPVULVNPDQDJHPHQWRUHQWURS\JURZWKPDQDJHPHQWLH
DGMXVWPHQW RI VWUXFWXUDO DUWLIDFWV WR UHVSRQG WR WKH FKDOOHQJHV RI WKH HQYLURQPHQW7KH IRFXV RQ HPRWLRQ LV QRW
DERXWWKHSHUFHLYDEOHDVSHFWVRILWEXWDERXWWKHVWUXFWXUDOWUDLWVFRQFHUQLQJWKHDGDSWDWLRQRIV\VWHPVWUXFWXUHWR
VKDSH EHKDYLRU $OO RI WKLV FRQIRUPV D ZLGH ILHOG RI IX]]\ VXEILHOGV :H ZLOO IRFXV RQ WKRVH SDUDGLJPV RI
UHOHYDQFHIRUWKLVSDSHUVXFKDVVHOIDGDSWLYHQHVVPRGHOFHQWULFDQGFRJQLWLYHDUFKLWHFWXUHV
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1.2. Research framework and contribution 
7KH LVVXHV GLVFXVVHG LQ WKLV SDSHU DUH SDUW RI ZLGHU UHVHDUFK DGGUHVVLQJ WKH LPSURYHPHQW RI DXWRQRP\ LQ
WHFKQLFDOV\VWHPV:HFDOOWKLVHIIRUWWKHASys Project:HDUHXVLQJDELRLQVSLUHGDSSURDFKIRUWKHULJRURXVVWXG\
RIEngineered Complex Adaptive Systems(&$6V:HDUHUHIHUULQJWRV\VWHPVWKDWFDQEHFODVVLILHGDWFRPSOH[LW\
OHYHO ,9 XQGHU WKH SHUVSHFWLYH RI 0DJHH DQG :HFN LH ³SODQW HTXLSPHQW DQG FRPSOH[ PDFKLQHV YLHZHG DV






DGDSWLYHQHVV 7KLV ZRUN VXJJHVWV WKDW HPRWLRQDOEDVHG RSHUDWLYHQHVV DOORZV IRU D D G\QDPLFDO HYDOXDWLRQ RI
UHIHUHQFHVWKDWWKHV\VWHPXVHVIRUUHDVRQLQJDQGIRUUHFRQILJXULQJDGDSWLYHQHVVDQGEVRPHPHDQLQJRIWKHLQQHU
FRQWH[WRIWKHV\VWHPWRDOORZIRUVHOIUHSUHVHQWDWLRQ,QWKLVSDSHUZHSURSRVHWREXLOGPRGHOVWKDWSURYLGHFDXVDO
FRQQHFWLRQV ZLWK WKH LQQHU FRQWH[W RI WKH V\VWHP DW UXQWLPH:H IXUWKHU SURSRVH WR XQIROG WKH V\VWHP LQWR WZR
ORQJLWXGLQDODQGWUDQVYHUVDOVXEV\VWHPVVRDVWRPDQDJHWKHH[WHUQDODQGWKHLQQHUFRQWH[WLQDFRQFXUUHQWZD\7KLV
VFKHPHGUDZVWKHGLVWULEXWLRQRIFRQWUROIRUWKHPDQDJHPHQWRIJRDOVFDXVDOLW\DOORZLQJDGDSWLYHQHVVWRHYROYHRQ
WKH EDVLV RI LWV RZQ UHIHUHQFHV 7KH VROXWLRQ SURYLGHV DQ LQWHUQDO VSDFH IRU GHFLVLRQPDNLQJ DQG YDOXHEDVHG
UHDVRQLQJDQLQWHUQDOVSDFHIRUDGDSWLYHQHVVDVZHOODVWZRNLQGVRIVHOIUHSUHVHQWDWLRQUHJDUGLQJWKHVWDWHDQGLWV
PHDQLQJ :H VXJJHVW WKDW DXWRQRP\ UHTXLUHV QRW RQO\ VHOIUHFRQILJXUDWLRQ FDSDELOLWLHV WR DWWDLQ WKH H[SHFWHG
RXWFRPHVDWUXQWLPHEXWDOVRWKHFDSDELOLW\WRVHOILGHQWLI\RWKHUQRQGHILQHGRXWFRPHVDLPLQJDWUHGXFLQJWKHGULIW
WR XQGHVLUDEOH VWDWHV 7KH SDSHU GHVFULEHV WKH UDWLRQDOH IRU ORRNLQJ DW HPRWLRQZKHQ VHDUFKLQJ IRU WHFKQRORJLFDO
UREXVWQHVV6HFWLRQWKHFKDOOHQJHRIDGDSWLYHQHVVLQWHUPVRIV\VWHPUHTXLUHPHQWV6HFWLRQWKHUROHRIPRGHO
EDVHG FRJQLWLYH DUFKLWHFWXUHV 6HFWLRQ  DQG ILQDOO\ RXU SURSRVHG PHWKRG WR HYROYH DGDSWLYLW\ 6HFWLRQ  $
FRQFOXVLRQVVHFWLRQHQGVWKLVZRUN
&RJQLWLRQ(PRWLRQDQGWKH3DWKWR7HFKQRORJ\






DGDSWLQJ WR WKHLU HQYLURQPHQW WKURXJKRXW YDOXHEDVHG VHPDQWLFV 8QGHU WKH SHUVSHFWLYH RI FRJQLWLYH V\VWHPV
ELRORJLFDOHPRWLRQFRQVWLWXWHV WKHVWUDWHJ\ WRFRQILJXUHYDOXHEDVHGV\VWHPVXVLQJVHPDQWLF VHOIUHSUHVHQWDWLRQRI
WKHDJHQWVWDWH7KHFRJQLWLYHSHUVSHFWLYHRIHPRWLRQVXJJHVWVWKDWHPRWLRQLVWKHUHVXOWRISDWWHUQVRIHYDOXDWLRQ
RIUHOHYDQWVWLPXOLZKLFKDUHFDUULHGRXWE\PHDQVRIVRPHHVVHQWLDOERGLO\SURFHVVHV
Homeostasis GHVFULEHVPHFKDQLVPV WKDW KROG FRQVWDQW D FRQWUROOHGYDULDEOHE\PHDQVRI VHQVLQJ LWVGHYLDWLRQ
IURPDVHWSRLQWDQGIHHGLQJEDFNWRDPHQGWKHHUURU7KHFRQFHSWRIallostasisUHIHUVWRWKHDELOLW\IRUPDLQWDLQLQJ
VWDELOLW\ WKURXJK JRDOGLUHFWHG FKDQJH GHVFULELQJPHFKDQLVPV WKDW RYHUULGH ORFDO IHHGEDFN WRPHHW DQWLFLSDWHG
GHPDQGV7KHLGHDRIstability-through-change UHIHUV WRSK\VLRORJLFDOFKDQJHV WKDWDQWLFLSDWHUHTXLUHPHQWVRQ WKH
EDVLVRIORFDOIHHGEDFNDQGaction readinessFDSWXUHVWKHLGHDRIFKDQJHWREHSUHSDUHGIRUDFWLRQ)LQDOO\arousal
DV WKH UHJXODWLRQ VWUDWHJ\ RI DFWLYDWLRQ DQGappraisal DV WKH UHJXODWLRQ VWUDWHJ\RI LQWHUSUHWLQJ WKHPHDQLQJ RI D
VWLPXOXVDUHWZRNH\FRQFHSWVWRKHOSIRFXVWKHLPSOHPHQWDWLRQRIRXUVROXWLRQ
(PRWLRQEDVHG DSSURDFKHV WR D WHFKQRORJ\ IRU DGDSWLYHQHVV FDQ RIIHU DUFKLWHFWXUDO UHVRXUFHV WR G\QDPLFDOO\
DFFRPSOLVK D WUDGHRII EHWZHHQPXOWLSOH FRQIOLFWLQJ JRDOV OLQNLQJ UHTXLUHPHQWV RIPLVVLRQ DQG V\VWHPZHOOQHVV
1RWHWKDWELRORJLFDOHPRWLRQLVIXQGDPHQWDOO\UHODWHGWRV\VWHPZHOOQHVVDQGQRWWRH[WHUQDOO\LPSRVHGREMHFWLYHV,W
GHULYHVLQXWLOLW\IXQFWLRQVDQGFDXVDOPRGHOVWKDWUHODWHERWKWKHRSHUDWLRQDOGRPDLQDQGWKHDEVWUDFWO\EXLOWLQQHU
FRQWH[WRI WKHV\VWHPDOORZLQJWKHHPHUJHQFHRIDQHZdomain of concernZKHUHPRQLWRULQJWKHLQQHUV\VWHPLV
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FHQWUDOHVSHFLDOO\ZKHQWKHUHDUHFRQIOLFWVDPRQJUHTXLUHGJRDOVRUGLIIHUHQWRSHUDWLRQDOGLUHFWLYHV7RDGGUHVVQHZ
UHTXLUHPHQWVVWHPPLQJIURPWKHLQWHUGHSHQGHQFHRI WKHRSHUDWLRQDOGRPDLQDQGWKHLQQHUVWDWHRI WKHV\VWHPWKH





$ SURSHU GHILQLWLRQ RI software adaptibility LV WKH YHUVDWLOLW\ RI FKDQJLQJ WKH V\VWHP WR DFFRPPRGDWH WKH
RFFXUUHQFH RI FKDQJH LQ WKH RSHUDWLRQDO HQYLURQPHQW ZKLOH PDLQWDLQLQJ WKH IXOILOOPHQW RI JHQHUDO V\VWHP JRDOV
VSHFLILHGDWGHVLJQWLPH6\VWHPVKDYHWRPHHWUHTXLUHPHQWVWKDWFRPPRQO\DUHJURXSHGLQWRWZRGLPHQVLRQVLH
functional requirements )5V UHODWHG ZLWK WKH PLVVLRQ DQG non-functional requirements 1)5V GHILQLQJ WKH
RYHUDOORUVSHFLILFTXDOLWLHVRIWKHZKROHV\VWHPDQGFRPPRQO\DVVRFLDWHGZLWKquality of service4R6IDFWRUV
2XUUHVHDUFKDVVXPHVV\VWHPVZLWKGLIIHUHQWOHYHOVRIDEVWUDFWLRQDQGD6R6DUFKLWHFWXUHZKHUHVXEV\VWHPVXVH








:H DOVR ODEHO WKH GLIIHUHQFH EHWZHHQ WKH WDVN WRZDUGVZKLFK WKH V\VWHP KDV EHHQ GHVLJQHG QDPHG extrinsic 
goalsDQGWKHV\VWHPUHTXLUHPHQWVWRIXOILOOWKHVHWDVNVQDPHGintrinsic goals,QWKLVZRUNZHZLOODVVXPHWKHVHW
RIintrinsic goalsDVDVHWRI)5VDQG1)5VWKDWZLOOEHPRQLWRUHGE\PHDQVRITXDQWLILDEOHSHUIRUPDQFHPHDVXUHV
3.1. System, Robustness and Adaptation 




RWKHU 1)5V reliability availability robustness fault-tolerance survivability safety DQG security 1RWH WKH
GLIIHUHQFH WKDW VRPH DXWKRUV PDNH EHWZHHQ correctness DQG robustness 5REXVWQHVV GHDOV ZLWK WKRVH UXQ WLPH
FLUFXPVWDQFHVWKDWKDYHQRWEHHQFDSWXUHGLQ WKHUHTXLUHPHQWVVSHFLILFDWLRQRIDV\VWHPRUULJKWO\FDSWXUHGLQ WKH
PRGHOV DW GHVLJQ WLPH ZKLOH correctness RI D V\VWHP HQJOREV WKH IXOILOOPHQW RI GHILQHG UHTXLUHPHQWV 7KH
adaptability VKRXOG EH GHVLJQHG LQ RUGHU WR DFFRPSOLVK DOVR FRUUHFWQHVV DQG UREXVWQHVV 2XU HPRWLRQEDVHG
DSSURDFK LV FHQWHUHG LQ H[WHQGLQJ WKH FRUUHFWQHVV RI D V\VWHP WR LPSURYH WKH IXOILOOPHQW RI WKHVH GHILQHG
UHTXLUHPHQWVHYHQZLWKXQSODQQHGRFFXUUHQFHVLHLQFUHDVLQJUREXVWQHVVE\PHDQVRIDGDSWLYLW\IRUZHOOQHVV
3.2. Dynamic Evolving of Adaptiveness on the basis of Emotional Behavior 
7KHFKDOOHQJHRIEXLOGLQJDPHWKRGWRUHJXODWHWKHIXOILOOPHQWRIV\VWHPUHTXLUHPHQWVUHJDUGOHVVWKHDIWHUHIIHFWV
RIFKDQJHVUHTXLUHVDSUHYLRXVDQDO\VLVDERXW WKHVRUWRI LQIRUPDWLRQWKDWPLJKWEHXVHIXOIRU WKHV\VWHPLQWKHVH
FLUFXPVWDQFHV RI FKDQJH8QGHU WKH YLHZSRLQW RI HPRWLRQDO WKHRU\ WKH WHUP systemwellness FDSWXUHV D VHQVH RI
SRVLWLYHYDOXHG PHDQLQJ WKDW IHHGEDFN WKH V\VWHP ,W XQGHUOLHV VRPH LQQHU SURFHVVHV LQWR ZKLFK WKH V\VWHP
PRQLWRUV DQG HYDOXDWHV LWVHOI UHJDUGLQJ LWV RZQRSHUDWLRQDO SURFHVVHV DQG LWV HQYLURQPHQW:H DSSO\ WKLV LGHD WR
GULYHWKHV\VWHPWRZDUGVwellness-orientedSUHGLFWDEOHUHVSRQVHVZKHQXQH[SHFWHGHYHQWVKDSSHQ6LQFHZHFDQQRW
KDYH SURWRFROV WR VSHFLILFDOO\ DWWHQG DQ\ XQNQRZQ HYHQW ZH VKDOO EXLOG WKH V\VWHP WR SHUFHLYH D QRQGHILQHG
DQRPDO\DQGEHDEOHWRGULYHLWVHOIWRZDUGVVDIHUVWDWHV,QVRPHVHQVHWKHV\VWHPVKRXOGEHDEOHWRUHFRJQL]HVRPH
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HQG LW VKRXOGEHGHILQHGQHZRUWKRJRQDOYHFWRUVRI)51)5V IRU VDIHU VWDWHV7KHVHZHOOQHVVGLUHFWLYHV VKDOOEH
PHDVXUHGWRPRQLWRUWKHVWDWHWKHFKDQJHDQGWKHJUDGLHQWRIFKDQJH
0RGHOLQJ)RXQGDWLRQVIRU6\VWHP$GDSWLYHQHVV
2UHL]\ DUJXHV WKDW self-adaptive VRIWZDUH PRGLILHV LWV RZQ EHKDYLRU LQ UHVSRQVH WR FKDQJHV LQ LWV RSHUDWLQJ
HQYLURQPHQW+RZHYHULWLVHVVHQWLDOWKDWV\VWHPEHDZDUHRIWKHVHFKDQJHVAutonomic performanceLVLQWLPDWHO\
FRQQHFWHG ZLWK WKH FDSDELOLW\ RI HYROYLQJ IURP RQH FRQILJXUDWLRQ WR DQRWKHU ,W LPSOLHV WKH QHHG RI KDYLQJ
FDSDELOLWLHVIRUUHFRQILJXULQJPRQLWRULQJDQGUHDVRQLQJ7KLVZRUNLVEDVHGRQDcognitive scienceDSSURDFKDQGKDV
WREHWUDQVODWHGWRVRIWZDUHHQJLQHHULQJGRPDLQV:LWKPLQRUGLIIHUHQFHVWKHUHLVVRPHVRUWRIFRQVHQVXVDERXWWKH
IRXQGDWLRQV RI ELRORJLFDO readiness DQG LWV UHOHYDQFH LQ WKH VFKHPH RI HPRWLRQDO RSHUDWLRQ +RZHYHU KRZ
HQJLQHHULQJ V\VWHPVPLJKW LPSOHPHQW LQWHUQDO DFWLRQ UHDGLQHVV LV QRW D FOHDU EXW LQWULFDWH SUREOHP RIPRGHOLQJ
6\VWHPV QHHG PRGHOV WR LQFRUSRUDWH XVDEOH NQRZOHGJH FRQFHUQLQJ WKH VWUXFWXUDO DQG IXQFWLRQDO EDVHOLQHV RI
UHDGLQHVVRSHUDWLYH
0RGHOVDUHDEVWUDFWLRQVRI UHDOLW\ WKDWFRQWDLQ MXVW WKHHVVHQWLDODVSHFWVRI WKLV UHDOLW\FRQFHUQLQJ WKHV\VWHP
7KHIXQFWLRQRIDPRGHOUHJDUGVERWKWKHLQWHUSUHWDWLRQDQGWKHXQGHUVWDQGLQJRIWKHV\VWHPDVZHOODVWKHGUDZLQJ
RIFRQFOXVLRQVLQWKHIRUPRIRWKHUVXEVHTXHQWDQGXVDEOHPRGHOV,QWKHGRPDLQRIopen systemsDQGFRQVLGHULQJ
WKH IXQFWLRQDO FRUUHODWLRQ UHTXLUHPHQW EHWZHHQ WKH FRPSOH[ V\VWHP DQG WKH VRIWZDUH HPEHGGHG LQ LW ZH VKDOO
QHFHVVDULO\DVVXPH WKDW WKLV VRIWZDUHDOVR OLYHV LQDQRSHQHQYLURQPHQW7KHSURSHUW\RIRSHQQHVV LQWURGXFHV WKH





4.1. Building context models that improve context-awareness and request-awareness 















WKH LQIRUPDWLRQ WKDW FRPHV IURP LW7KH inner-context modelZLOOSURYLGH WKHQHFHVVDU\PRGHOLQJ VXSSRUW IRU WKH
UHSUHVHQWDWLRQ RI WKH FDXVDO UHODWLRQVKLSV EHWZHHQ WKH V\VWHP DQG WKH LQQHUGRPDLQ LH WKH FRQGLWLRQV DQG
FLUFXPVWDQFHVWKDWDUHUHOHYDQWWRWKHVHWRIYDOXDEOHHYHQWVRIWKHV\VWHP,QWKLVZD\WKHV\VWHPFDQPRQLWRUWKH
SURJUHVVWRZDUGVWKHDFFRPSOLVKPHQWRIUHTXLUHPHQWVDVZHOODVWKHSDWWHUQVRIHYROXWLRQRIWKRVHUHTXLUHPHQWV
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VXFFHVV RI WKH intrinsic goals 7KH transversal system LV DQ RUWKRJRQDO V\VWHP WKDWPRQLWRUV WKH inner-context RI
FKDQJHVRFFXUULQJLQVLGHWKHORQJLWXGLQDOV\VWHPWRSURGXFHXVDEOHDFWLRQYDOXHVLQWKHIRUPRIV\VWHPPRGHOV7KH
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SURSRVHGE\%DWRU\7KH IHDWXUHPRGHOZLOOGLVSRVHYDULDELOLW\ UHODWLRQVKLSV VXFKDV VWURQJO\ UHTXLUHGZHDNO\
UHTXLUHGHWFEHWZHHQXQLWV WKDW UHSUHVHQW)5VDQG1)5V&KDQJHV LQ WKHYDULDELOLW\PRGHO UHSUHVHQWSDWWHUQVRI
)5V DQG 1)5V WKDW FRQVWLWXWH UHIHUHQFHV XVHG WR HVWLPDWH FDWHJRULHV WKDW GLUHFWO\ PLJKW DIIHFW WKH ORQJLWXGLQDO
V\VWHP([DPSOHVRI WKRVHFDWHJRUL]DWLRQVDUHDpleasant/not pleasantFRQFHUQLQJWKHYDOXHVRIerror-objectZLWK
UHJDUG WR WKH QXOO YDOXH E relevant/not relevant FRQFHUQLQJ WKH YDOXH RI HUURU ZLWK UHJDUG WR OLPLW YDOXHV F
severe/not severeLIWKHVHOLPLWVDUHVXUSDVVHGHWF7KLVLVGRQHE\PHDQVRIDdecision modelDQGWKHarchitectural 




5.2. The Appraisal-based strategy about Values 
$QDORJRXVO\ZLWK WKH DSSUDLVDO WKHRULHV WKLV SKDVHRIIHUV D UHJXODWLRQ VWUDWHJ\E\ LQWHUSUHWLQJ WKHPHDQLQJRI
WKHVH SDWWHUQV RI WKH DURXVDO SKDVH 7R WKLV HQGZH HQYLVDJH WKH QHHG IRU WZR behavioral models DV ILQLWH VWDWH
PDFKLQHVWRGHVFULEHDWKHEHKDYLRURISODXVLEOHVWDWHVDQGWUDQVLWLRQVUHODWLQJWRVRPHSDUDPHWHUVRIUHOHYDQFHDQG
EWKHUXOHVRILQWHUDFWLRQEHWZHHQWKHVWDWHVRIWKHV\VWHPUHJDUGLQJVRPHGHILQHGZHOOQHVV
7KH ILUVWPRGHO UHTXLUHVSUHYLRXVDQDO\VLVDWGHVLJQ WLPHFRQFHUQLQJ WKHGHILQLWLRQRISDUDPHWHUVRI UHOHYDQFH
7KHVHSDUDPHWHUVZLOOEHEXLOWIURPWKHFRPSRQHQWVRIWKHYHFWRURIHUURUWKHerror-objectZLWKUHJDUGWRYDOXHVRU
FRPELQDWLRQV WKDW PLJKW EH FULWLFDO KDYH FRQWLQXRXV UHSHWLWLRQV HWF :H HQYLVDJH WKLV PRGHO DV D ILQLWH VWDWH
PDFKLQH GHILQLQJ WKH VWDWHV RI WKH V\VWHP LQFOXGLQJ WKH unknown-state DQG WKH WUDQVLWLRQV ZLWK UHJDUG WKH




FRQFHUQLQJWKHemotional stateRIWKHV\VWHPXVLQJDdecision modelDQGWKHEHKDYLRURIWKHWZRbehavior models
5.3. New Domain of Values 
7KHUHWXUQHGdomain of valuesZLOOEHPRGHOHGWREHWKHFRUHGRPDLQPRGHOWKDWUHSUHVHQWVWKHHVVHQFHRIWKH












WKH VDPH WLPH WKH LQIOXHQFHRI WKH LQQHUGRPDLQ LQGHFLVLRQPDNLQJSURFHVVHV ,W LVDPRUH IDYRUDEOH VFHQDULR WR
FRQWUROXQFHUWDLQWLHVVLQFHWKHDIWHUHIIHFWVDUHWUDQVIHUUHGWRWKHLQQHUGRPDLQLQWKHIRUPRIZHOOQHVVUHTXLUHPHQWV
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WKLV ZRUN FDQ EH DSSOLHG RQO\ DW GHVLJQ WLPH E\PRGHOLQJ WKH UHODWLRQVKLSV EHWZHHQ WKH VDIHW\ IDFWRUV RI VRPH
RSHUDWLRQDO GRPDLQ DQG WKH RSHUDWLRQ RI WKH V\VWHP LQVLGH LW1HYHUWKHOHVVZH GR QRW WKLQN WKDW HPRWLRQEDVHG
WHFKQLFDOV\VWHPVVKRXOGKDYHLPSURYHGavailability EH\RQGZKDWWKHDXJPHQWHGUREXVWQHVVFDQRIIHU:HDUHDOVR
DZDUH RI WKH PDQ\ FKDOOHQJHV WKDW WKH LPSOHPHQWDWLRQ SKDVH SUHVHQWV LQFOXGLQJ IRU LQVWDQFH WKRVH UHODWHG WR
FRPSXWDWLRQDO FRVWV RU WR HYHQWXDO LQFRQVLVWHQFLHV WKDW PD\ FRPH XS ZKLOH WKH V\VWHP FDUULHV RXW WKH
UHFRQILJXUDWLRQV
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